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TI Compound disruption of smad2 accelerates malignant progression 

of intestinal tumors in ape knockout mice. 
AU Hamamoto Toshiaki; Beppu Hideyuki; Okada Hitoshi; Kawabata Masahiro; 

Kitamura Tadaichi; Miyazono Kohei; Kato Mitsuyasu 
CS Departments of Biochemistry, The Cancer Institute of the Japanese 

Foundation for Cancer Research, Tokyo 170-8455, Japan. 
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AB Smad2 is a receptor-regulated Smad that is activated 

specifically by transforming growth factor beta and activin signaling. We 

disrupted the mouse Smad2 gene by gene targeting. Homozygous 

Smad2 mutant mice died around E8 . 5 with impaired visceral endoderm 

function and deficiency of mesoderm formation. Heterozygotes 

were fertile and had no apparent abnormality up to at least 1 1/2 year of 

age. To examine the role of Smad2 inactivation in the process 

of carcinogenesis, we prepared compound heterozygous mice, which carry 

both Ape and Smad2 mutations on the same chromosome in the 

cis -configuration. Compound inactivation of Smad2 in 

heterozygous Ape mutant mice did not change the total number of intestinal 
tumors but increased sudden death from intestinal obstruction caused by 
extremely large tumors. Furthermore, histological examination revealed 
that Apc/Smad2 cis-compound heterozygotes developed multiple 
invasive cancers that had never been observed in Ape single heterozygotes. 
These results indicate that loss of Smad2 does not initiate 
tumorigenesis by itself but accelerates malignant progression of tumors to 
invasive cancer in the late stages of carcinogenesis. 
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The node and the anterior visceral endoderm (AVE) are important organizing 
centers that pattern the mouse embryo by establishing the 

anterior-posterior (A-P) , dorsal -ventral (D-V) , and left-right <L-R) axes. 

Activin/nodal signaling through the Smad2 pathway has been 

implicated in AVE formation and in morphogenesis of the primitive streak, 

the anterior end of which gives rise to the node. The forkhead 

DNA-binding protein, FoxHl (or Fast) , functions as a Smad DNA-binding 

partner to regulate transcription in response to activin signaling. Here, 

we show that deletion of FoxHl in mice results in failure to pattern the 

anterior primitive streak (APS) and form node, prechordal mesoderm 

, notochord, and definitive endoderm. In contrast, formation of the AVE 

can occur in the absence of FoxHl. The FoxHl mutant phenotype is 

remarkably similar to that of mice deficient in the forkhead protein Foxa2 

(HNF3beta) , and we show that Foxa2 expression is dependent on FoxHl 

function. These results show that FoxHl functions in an 

activin/nodal -Smad signaling pathway that acts upstream of Foxa2 and is 

required specifically for patterning the APS and node in the mouse. 



